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Abstract
Proopiomelanocortin (POM C) cD N A  was cloned from 
sea bass (Dicentrarchus labrax) pituitary gland. A 743 
nucleotide sequence was obtained coding for the 
following sequences flanked by sets of proteolytic cleavage 
sites: A C T H  (Ser88-M et127), a-M S H  (Ser88-G ly102), 
CLIP (Pro106-M et127), ß-LPH  (Glu131-G ln208), y-LPH  
(Glu131-Ser175), ß-M SH  (Asp159-Ser175), and ß-
endorphin (Tyr178-G ln208). N o region homologous to
y-M SH /joining peptide (a tetrapod P O M C  feature) was 
found. Amino acid sequence identity was high w ith  other 
teleostean species considered (tilapia: 73%) and lower w ith 
elasmobranchs (dogfish: 42%). However, the presumed
biologically active peptides w ere highly conserved w ithin 
all species considered: a-M S H  (93-100%), A C T H  (80— 
95%) and ß-endorphin (54—90%). R eal-tim e P C R  
allowed us to  quantify the expression of the P O M C  in 
different tissues of the sea bass: pituitary gland, liver, gonad 
and head kidney. N o significant P O M C  expression was 
found in the integum ent. In pituitary gland, gonads, head 
kidney and liver, P O M C  expression was respectively, 
1-26 x 1010, 2-67 x 105, 2-06 x 104 and 1-67 x 104 
copies/^g m R N A .
Journal of Endocrinology (2003) 176, 405-414
Introduction
The vertebrate brain controls the stress response through 
highly organized neuroendocrine structures. This control 
involves numerous pathways and humoral mediators that 
are characteristically activated in response to  stressors, 
w hich are environmental or internal changes sensed as 
harmful and threatening. Activation of the hypothalamic— 
pituitary—adrenal axis stimulates pituitary proopiomelano­
cortin (PO M C)-derived peptide production and secretion; 
these peptides are involved in the mediation and regula­
tion of the stress response (W endelaar Bonga 1997, 
Slominski et al. 2000). The P O M C  gene is expressed 
predominantly in the pituitary gland. For cattle it has been 
shown that roughly 30% of all m R N A s of the anterior 
pituitary gland are derived from the P O M C  gene (Inoue 
et al. 1979). P O M C  is produced in the corticotrope cells of 
the pars distalis and the melanotrope cells of the pars 
intermedia. P O M C  m R N A  is translated into a single 
protein product, the precursor of adrenocorticotropic hor­
mone (ACTH), endorphins, melanotropins and lipotropins 
(Smith & Funder 1988). These neuropeptides are
differentially generated through successive cell-specific 
processing steps and post-translational modifications 
including endo- and exopeptidase cleavage, amidation and 
acetylation (for review see Slominski et al. 2000).
In general, mammals transcribe only one P O M C  gene 
per haploid genome (Drouin et al. 1989). In lower 
vertebrates such as fishes, some species w ere found to 
express tw o forms of the P O M C  gene that have differ­
ent degrees of homology depending on species. In poly­
ploid fishes (e.g. salmonids and carp) a second form of 
P O M C  is found (Salbert et al. 1992, Arends et al. 
1998a) as in chondrostean species such as paddlefish and 
sturgeon in w hich that gene was duplicated (Alrubaian 
et al. 1999, Danielson et al. 1999). In mammals, tran­
scription and translation of the P O M C  gene have been 
detected in peripheral tissues such as placenta, gonads, 
adrenals, spleen and skin (for review see Slominski 
et al. 2000). However, for fishes so far data have been 
presented on only peripherally localized P O M C -derived 
peptides (Balm & Pottinger 1995, Ottaviani et al. 
1995, van den Burg et al. 2001), not on the messenger 
proper.
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The present study focuses on the P O M C  of sea bass 
(Dicentrarchus labrax), a m em ber of the M oronidae family, 
w hich includes species of great biological and economic 
interest and that occur in the Atlantic O cean and the 
M editerranean Sea. O ne of the aims of this study was to 
determ ine the P O M C  gene sequence, w hich is important 
for future studies focusing on the role of PO M C -derived 
peptides in the stress response of this species. M ost of the 
know n teleost P O M C  sequences concern stenohaline 
freshwater (carp) and euryhaline species (salmon, trout). 
Information on a truly stenohaline marine teleost P O M C  
sequence was not available and such information 
would add to our understanding of P O M C  phylogeny. 
Moreover, determination of the sea bass P O M C  sequence 
is necessary for further investigations concerning the 
detection and quantification of the expression of this gene. 
Little is known about peripheral expression of the P O M C  
messenger in fishes. Hence, w e set out to  detect and 
compare the expression of the P O M C  gene in different 
tissues by means of a quantification m ethod based on 
real-time P C R , w hich appears to  be m uch more sensitive 
and precise compared w ith  classical techniques based on 
hybridization.
M aterials and M ethods
Animals
Adult sea bass (350 ±  45 g) originated from IFR E M E R  
(Palavas les Flots, France) and w ere m aintained in the 
aquaculture facilities of the University of N ijm egen, The 
Netherlands. The fish w ere held in 200 liter tanks w ith 
filtered and aerated artificial sea water, obtained by 
addition of natural salt (Aquarium Systems, France) to tap 
water. The tem perature was set at 20 °C and photoperiod 
to 12 h light:12 h darkness. The fish w ere fed commercial 
pellets, at a ration of 2% body w eight per day. Animals 
w ere rapidly killed by decapitation. Tissues (pituitary 
gland, gonads, liver, head kidney and integument) for 
m R N A  extraction w ere rapidly dissected, w eighed and 
frozen in liquid nitrogen.
m R N A  extraction and cD N A  synthesis
Poly-adenylated R N A  isolation was perform ed w ith 
Dynal’s Dynabeads m R N A  D irect kit (Dynal, Norway). 
Briefly, tissues w ere disrupted in a lysis buffer. Cellular 
lysate was centrifuged for 5 m in at 800 g  to eliminate 
cellular debris. The supernatant was transferred to a tube 
containing prewashed Dynabeads oligo(dT)25, incubated 
for 20 m in on a rotary agitator to anneal and washed (five 
times). For synthesis o f first-strand cD N A  annealed 
m R N A s w ere incubated for 2 m in at 37 °C w ith a reverse 
transcription (R T )-M ix (11 pl H 2O , 4 pl R T  buffer, 2 pl 
dithiothreitol, 1pl dN TP) and then transferred to 37 °C for
1 min. Finally, 2 pl Superscript II reverse transcriptase 
(200 U /p l; Invitrogen) w ere added and the m ixture was 
incubated at 37 °C for 1 h. The resulted cDNAs were 
stored at —20 °C.
P C R  fo r  gene-specific primers determination
To determine sea bass POM C-specific primers, P C R  
using a therm ocycler (Hybaid, UK) was perform ed on 
cD N A  obtained from sea bass pituitary m R N A  w ith  the 
following degenerated primers: forward 5 '-A T G  G A R  
CAY TTY  G C N  T G G  G G -3 ' and reverse 5 '-TG S Y T C  
A T T  T T G  TAG GAG C C -3 ', designed on the basis of 
consensus P O M C  sequences. Tem plate D N A  (1 pl R T  
product) and 25 pmol of each prim er w ere used in a final 
volume of 50 pl containing 1 x P C R  buffer, 2-5 mM  
M gC l2, 100 pM  (each) dN TPs and 2-5 units Taq D N A  
polymerase (Promega). After an initial denaturing step at 
95 °C for 2 min, 40 cycles of 95 °C for 30 s, 50 °C for 30 
s and 72 °C for 1 m in w ere performed. A final extension 
step of 72 °C for 2 m in was carried out. P C R  products 
w ere analyzed by electrophoresis on 1-5% agarose/ 
ethidium  bromide gel, cloned and sequenced (see below). 
The obtained sequences (227 bp) w ere compared w ith 
P O M C  sequences of other species and sea bass P O M C - 
specific primers w ere determ ined for the G eneR acer 
protocol (see below): 5 'D lp (5'-AAG C C T  G T T  GGA 
CG A  AAG C -3 '), 3 'D lp (5'-GAG  C C A  T C C  T T C  T T C  
T C G  T G -3 '), 5 'D lpnest (5 '-C C G  G T C  AAA G T C  T T C  
A C C  T C -3 ') and 3'D lpnest (5 '-A C C  T C C  T G T  G C C  
T T C  T C C  TC -3 ').
Cloning, transformation, purification and sequencing o f P C R  
products
P C R  products were ligated into p C R 4 -T O P O  plasmid 
vector and transformed into chemically com petent 
T O P  10 Escherichia coli cells (T O P O  TA Cloning kit; 
Invitrogen). After selection on LB-ampicillin agar, trans­
formed cells w ere screened for appropriate size inserts 
using a therm ocycler and M 13 sense and antisense primers 
(20 pm ol each in a final volume of 50 p-l). The P C R  
profile consisted of a denaturing step at 95 °C for 2 min, a 
step (35 cycles) comprising denaturing at 95 °C for 30 s, 
annealing at 56 °C for 30 s and extension at 72 °C for
1 min and a final extension step at 72 °C for 2 min. 
Sequencing of P C R  products was performed by the 
ddN T P procedure (Genome Express, France). For the 
needs of the R T -P C R  (see below), P C R  products were 
purified by M iniPreps (Promega) and isolated plasmids 
w ere stored at —20 °C.
Sea bass P O M C  sequence determination
Sea bass pituitary P O M C  sequence was determ ined using 
the G eneR acer protocol (GeneRacer kit; Invitrogen),
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designed for full-length, R N A  ligase-mediated amplifi­
cation of 5 ' and 3 ' ends. Briefly, isolated sea bass pituitary 
m R N A  was submitted to the following treatments accord­
ing to the G eneR acer protocol: (i) dephoshorylated by 
treatm ent w ith calf intestinal phosphatase to eliminate 
truncated m R N A  and non-m R N A , (ii) the 5' cap struc­
ture from intact full-length m R N A  was removed, (iii) a 
G eneR acer R N A -oligo was ligated to  the 5' end of the 
m R N A ; this oligo provided know n priming sites for 
G eneR acer P C R  primers after transcription of the 
m R N A  into cDNA, (iv) R T  w ith  a G eneR acer oligo dT 
prim er (50 mM) (containing a dT tail to prim e the 
first-strand cD N A  synthesis in the R T  reaction and 
known priming sites at 5', for G eneR acer P C R  3' 
primers). 5 ' and 3 ' P C R  w ere performed using gene- 
specific and G eneR acer ligated primers (see above). 
Template D N A  (1 pl R T  product), 20 pmol gene-specific 
prim er and 60 pmol G eneR acer prim er w ere used in a 
final volume of 50 pl containing 1 x P C R  buffer, 2-5 mM  
M gC l2, 100 pM  (each) dN TPs and 2-5 units Taq  D N A  
polymerase. The P C R  profiles included: (i) one cycle at 
95 °C for 2 min, (ii) five cycles of denaturing at 95 °C for 
30 s followed by 1 m in at 72 °C, (iii) five cycles of 
denaturing at 95 °C for 30 s followed by 1 m in at 70 °C, 
and (iv) 25 cycles of denaturing at 95 °C for 30 s, annealing 
at 65 °C for 30 s and elongation at 72 °C for 1 min. A final 
elongation step was carried out at 72 °C for 5 min. P C R  
products were analyzed by electrophoresis on 1-5% 
agarose/ethidium  bromide gel. O ne microliter of the 
amplified P C R  product was used for 5' and 3 ' nested P C R  
to eliminate artifacts in the previous P C R . The same 
therm al profile and P C R  mix composition w ere used 
except that in this case equal quantities (20 pmol) of 
gene-specific nested prim er and G eneR acer nested prim er 
were added in the P C R  mix. P C R  products were 
analyzed, cloned and sequenced (see above).
D N A  sequences analysis
To minimize errors due to nucleotide mis-incorporation 
by Taq  D N A  polymerase, the full-length sequence 
represents a consensus of multiple overlapping clones. 
N ucleotide sequences and deduced protein sequences 
were checked for similarities to  known genes using 
BLAST algorithms at N C B I, EMBL and SW ISS-PR O T 
databases. The nucleotide and amino acid sequences of sea 
bass P O M C  reported in our study w ere aligned w ith the 
P O M C  sequences obtained from the databases m entioned 
above.
Phylogenetic trees
The neighbor-joining m ethod was used for the construc­
tion of phylogenetic trees. They w ere calculated using 
the programs P R O T D IS T  and N E IG H B O R  from the 
PHYLIP package (Felsenstein 1993). O ne thousand boot­
strap samples w ere created using S E Q B O O T  and 
P R O T D IS T , reconstructed w ith N E IG H B O R  and a 
consensus tree was constructed w ith the C O N SEN SE 
program. M aximum-likelihood trees w ere constructed 
using the program P R O T M L  from the M O LPH Y  
package.
Detection and quantification o f  P O M C  expression in different 
tissues o f  sea bass
D etection and quantification of P O M C  expression was 
carried out on sea bass cDNAs from pituitary, head kidney, 
liver, gonads and integum ent, by means of real-time P C R  
w ith a Light Cycler (Roche). All measurements were 
performed in triplicate.
Control gen e A control gene was necessary for the global 
calibration of the quantification by real-time P C R . The 
control gene of choice was the L17 ribosomal protein 
(AF139590), a sea bass housekeeping gene sequence 
downloaded from Genbank. Specific primers (5'DlL17rp 
(5'-GAG GAC G T G  G TG  G T T  C A T C T -3 ') and 
3'DlL17rp (5 '-C T G  G C T  T G C  C T T  T C T  TG A  C T - 
3')) w ere determ ined on these sequences and tested by 
P C R  on sea bass pituitary cDNA. A 201 pb P C R  product 
was cloned and sequenced. After verification plasmids 
(L17rp) w ere purified by M iniPreps (Promega) and their 
concentration was determ ined by absorbance measured 
at 260 nm  w ith  a spectrophotometer (Safas 190 DES, 
Monaco) and on agarose/ethidium  bromide gel. Dilutions 
of the L17rp plasmid were used in real-time P C R  
experiments on sea bass P O M C  to obtain the calibration 
curve. Tw enty microliter reactions w ere run containing
2 pl 10 x P C R  M ix (containing SYBR Green and pur­
chased from Roche), 1-6 pl 25 m M  M gC l2 stock solution 
and 10 pmol of each prim er and 1 pl template D N A  
(plasmid or cD N A  from specific tissue). The thermal 
profile used for real-time P C R  consisted of a step at 95 °C 
for 10 m in and 40 cycles of denaturing at 95 °C for 15 s, 
annealing at 62 °C for 4 s and elongation at 72 °C for 8 s. 
After the last cycle, tem perature in the Light Cycler 
cham ber increased to 95 °C and then decreased to 62 °C 
for 30 s. Then it was increased gradually to 95 °C to obtain 
the m elting curves of the amplified fragments. Absence of 
non-specific P C R  products and prim er dimers was 
checked by the m elting curves (see Fig. 5) and by 
electrophoresis on 8% acrylam ide/SY BR Green gel.
PO M C  gen e For real-time P C R  internal calibration, a 
fragment of 128 bp was amplified by classical P C R  on sea 
bass pituitary cD N A  w ith the following primers: 5'Dlpnest 
and 3 'D lpnest (see above). P C R  product was cloned, 
sequenced and after verification plasmids w ere purified 
and its concentration was determ ined on agarose/ethidium  
bromide gel. Dilutions of this plasmid w ere used in 
real-time P C R  experiments on sea bass P O M C , to obtain
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GAA GTG GAG GGG ACA GAA ATC TT T  GTC CAA CAG CTG AAC AAC AAG AAA ACA ACA 5 4
M C P V W L L V A V  
GAG AAA GAC AGG ACA GCG TGG GAA ATG TGT CCT GTG TGG T T A TTG GTG GCT GTG
10
1 0 8
Signal p e p tid e __________________________________ ^ . 4 ________________________________________
A L A G V A R G A V G Q C L E H P S  2 8
GCG CTG GCG GGC GTG GCC AGA GGA GCT GTT GGT CAG TGT TTG GAA CAT CCC AGC 1 6 2
------------------------------------------------------ N - T e r ---------------------------------------------------------------------------
C Q E L N S E S N M L E C I Q L C R  4 6
TGT CAG GAG CTC AAC TCT GAG AGC AAT ATG CTG GAG TGT ATC CAG CTC TGT CGC 2 1 6
S D L T A E T P I  I P G D G H L Q P  6 4
TCC GAC CTC ACC GCA GAG ACA CCG ATC ATC CCG GGC GAT GGC CAC CTC CAA CCT 2 7 0
L P P S E S L P P L S L F S S S S  
CTT CCT CCG TCA GAG TCT CTG CCT CCC CTC TCC CTG TTC TCT TCC TCC TCC
S
TCT
82
3 2 4
< ­
S
- a -M S H
E H FP Q A K R S Y S M E H F R W G K P V  
CCA CAG GCC AAG CGC TCC TAC TCC ATG GAG CAT TTC CGC TGG GGG AAG CCT GTT
100
3 7 8
ACTH
4 . --------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------C L | P
R K R R P V K V F T S N G V E E E  
GGA CGA AAG CGC CGC CCG GTC AAA GTC TTC ACC TCC AAC GGC GTG GAG GAG GAG
- ............. ............. .................. .................. ~ ~ t  r.-.................................
S A E V F P E E M R R R E L A S E I  
TCA GCC GAG GTT TTC CCT GAA GAG ATG AGA AGG CGA GAG CTT GCC AGC GAG ATT
■ Y -L P H ......................................................................
-------------------------------------------------------P -L P H -
I A A E D E E K A Q E V A E E E Q L  
AT A GCG GCA GAG GAC GAG GAG AAG GCA CAG GAG GTG GCG GAA GAG GAG CAG CTC
1 1 8
4 3 2
1 3 6
4 8 6
1 5 4
5 4 0
.4 -------------------------------------------P - M S H ------------------------------------------------
H E K K D G T Y K M K H F R W G G S  
CAC GAG AAG AAG GAT GGC AC G TAC AAG ATG AAG CAC TTC CGC TGG GGC GGG TCG
1 7 2
5 9 4
----------------------------►  4 . -------------------------------------------------------------------------------------------------------------------------------------------------------------
P A S K R Y G G F M K S W D E R S Q  
CCG GCC AGC AAA CGC TAC GGC GGC TTC ATG AAG AGC TGG GAC GAG CGC AGC CAG
1 9 0
6 4 8
-----------------------------------------------------------------P -endorphin --------------------------------------------------- ►
R P L L T L F K N V I N K D G Q E Q  2 0 8
AGG CCC CTG CTC ACG CTC TTC AAA AAT GTC ATC AAC AAA GAC GGA CAG GAG CAG 7 0 2
K R E Q *
AAG AGA GAG CAG TGA GGG AGG ACA
212
7 2 6
Figure 1 Nucleotide and deduced amino acid sequences o f sea bass POM C cDNA. Both sequences are numbered 
at the end of each line. The deduced POM C sequence is shown above the cDNA sequence. The POMC-derived 
peptides are shown: ACTH (Ser88-M et127), a-MSH (Ser88-G ly102), CLIP (Pro106-M e t127), ß-LPH (G lu131-Gln208), y-LPH 
(G lu131-Ser175), ß-MSH (Asp159-Ser175) and ß-endorphin (Tyr178-Gln208). Potential proteolytic cleavage sites are 
shown in bold.
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1 15
1 S e a b a s s  ------------- MCPVWLLV
2 T i l a p i a  ------------- MCPVWLFV
3 S a lm o n  ------------- MLCPAWLL
4 C a r p  MVRGERMLCPAWLLA
5 S t u r g e o n  ----- MLRPVWGCWAV
6 L u n g f i s h  ----- MLKPVWRHLFVL
7 D o g f i s h  — MMQQSMWRSVLW
8 Human — MPRSCCSRSGALL
9 B o v in e  — MPRLCSSRSGALL
10 R a t  — MPRFCNSRSGALL
11 C h ic k e n  ----- MRGALCHSLPW
12 G i a n t T o a d ----- MLQPGWRCILTI
16 30
AVALAGVARGAVGQC 
ALVWGGAREAV SQC 
AVA W G  WRGVK GQC 
LAVLCAAGSEVRAQC 
MGVLWFYCSGVQSQC 
SAVLMIYGT GVH SQC 
LCMVWARSS GQLREC 
LALLLQASMEVRGWC 
LALLLQASMEVRGWC 
LALLLQTSIDVWSWC 
LGLLLCHPTTRSGPC 
LGAFIFHVGEVKSQC
31 45
LEHPSCQELNSESNH 
WEHPSCQELSSESNM
WENPRCHDLSSENSI 
MEDARCRDLTTDENI 
WEHSQCRDLSSEANI 
WETSKCRDLSTESNL 
WDHTKCRQLTSAPKL 
LESSQCQDLTTESNL 
LESSQCQDLTTESNL 
LESSQCQDLTTESNL 
WE NSKCQDLATEAGV 
WESGKCADLTSEDGI
46 60
LECIQLCRSDLTAET 
MECIQLCHSDLTAET 
LECIQLCRSDLTTKS 
LDCIQLCRSDLTDET 
LECIQACKVDLSAES 
LECIKSCKSDLSAES 
MECIEACKVEKTLES 
LECIRACKPDLSAET 
LACIRACKPDLSAET 
LACIRACRLDLSAET 
L ACAKACRAE LSAEA 
LECIKDCKMVLSAES
61 75
PIIPGDGHLQPLPPS 
PVIPGNAHLQPAVPS 
P IF  PVKVHLQPP YPS 
PVYPGESHLQPPSEL 
PLFPGNGHLQPTSED 
PVYPGNGHMQPLSED 
PIYPGNGHTEPIAES 
PMF PGNGDE QPL TEN 
PVF PGNGDE QPL TEN 
PVF PGNGDE QPL TEN 
PVYPGNGHLQPLSES 
PVFPGNGHMQPLSEN
76 90 
E S------- LPPLSLF —
D---------------------------
DS------- PPLYLPLSL
EQ------- TEVLVPLSP
IEGASTTLS VL LEAL 
IEDGYKTPLLSIIPA 
LEDEPVRAFLNHLPA 
PEDVSAGEDCGPLPE
PEEEVAVGEG---------
PAEEETAGGD---------
I  EE VAGLALPAASPH 
IEDIANYPIFNLFPT
91 105
S e a b a s s  
T i l a p i a  
S a lm o n  
C a rp
S tu r g e o n  
L u n g f i s h  
D o g f i s h
8 Human
9 B o v in e
10 R a t
11 C h ic k e n
12 G ia n tT o a d
LSPSSPLYPGEQ-----
-AALAPAEQMDP-----
SQPRDEVERE SEEEE
LESHNNLDMEED-----
WSQTSQMEDEE— M
GG----- PEPRSDGAK-
--------- PGPRGDDAE-
----------- GRPEPSP—
HP----- AGEEEDGEG-
NDNQNTQDGNMEEE-
106 120  
-SSSSSPQAKRSYSM 
-ASSPSSQAKRSYSM 
-QNSVSPQAKRSYSM 
-ESSPQHEHKRSYSM 
GLQQHRRDD KRSYSM 
— SLSRQDDRRSYSM 
ETLFPRQDGKRSYSM
----- PGPREG KRS YSM
----- TGPREDKRSYSM
----------- REGKRSYSM
----- LEREEGKRSYSM
----- LRRQDN KRS YSM
121 135
EHFRWGKPVGRKRRP 
EHFRWGKPVGRKRRP 
EHFRWGKPVGRKRRP 
EHFRWGKPVGRKRRP 
EHFRWGKPVGRKRRP 
EHFRWGKPVGKKRRP 
EHFRWGKPMGRKRRP 
EHFRWGKPVGKKRRP 
EHFRWGKPVGKKRRP 
EHFRWGKPVGKKRRP 
EHFRWGKPVGRKRRP 
EHFRWGKPVGKKRRP
136 150
VKVFTSNGVEEESAE 
VKVYTSNGVAEESAE 
VKVYT-NGVEEESSE 
IKVYT-NGVEEES TE 
VKVYP-NEVEEESAE 
IKVYP-NGMEDESAE 
IKVYP-NSFEDESVE 
VKVYP-NGAE DESAE 
VKVYP-NGAE DES AQ 
VKVYP-NVAENESAE 
IKVYP-NGVDEESAE 
IKVFPS-DAEEESSE
151 165 166 180
VFPEEMRRRELASEI IAAED-------------------
VFPEEMRRRELTNEL LAEEG-------------------
AFPSEMRRELGTDNA MYPSL-------------------
TLPAEMRRELATNEI DYPQ---------------------
SYPAEIRRDLSLKLD YPQG---------------------
SYSPDLRRDMPMEFD YP--------------------------
NMGPELKREASVDFD Y PW E-------------------
AFP LEF KRELTGQRL REGDGPDGPADDGAG 
AFPLEFKRELTGERL EQARGPEAQAESAAA
AFPLEFKRELEGE—  ------------------------------
SYPMEFRREMAPDGD PFG------- L S------------
IXPTEYRRELSVEFD YP------- DTN------------
181 195 196 210 211 225  2 2 6  240
1 S e a b a s s  ------- EEKAQEVAEEE Q-------------------------------------------------------------------------------- LHEKKD
2 T i l a p i a  ------- EKAQEMVEGAE EE---------------------------------------------------------- --------QQLLNGVÇEKKD
3 S a lm o n  ------- EAGTAEGGEAE GT------------------------------------------------------------------ EG-VFSLQEKKD
4 C a r p  ------- EE----------GALN Q----------------------------------------------------------------------------------QDKKD
5 S t u r g e o n  ------- EELEEVFGGEN DL-------------------------- --------------------------------------- LN------- LQEKKD
6 L u n g f i s h  ------- EPSSEEKSEEN D I------------------------------------------------------------------ MN------- LLEKKD
7 D o g f i s h  ------- TSEAGEEEMLE DAGPKGSAQSWGPDR TQPMQFTNLEDMLQE SMDNDLPEEEVKKDG
8 Human ------- AQADLE HSLLV AA--------------------------------------------------------------------------------EKKDE
9 B o v in e  RAELEYGLVAEAEAE AA--------------------------------------------------------------------------------EKKDS
10 R a t  ------- QP-DGLEQVIE PD-------------------------------------------------------------------------------- TEKAD
11 C h ic k e n  ------- EEEEEEEEEEG EE---------------------------------------------------------- ----------------------EKKDG
12 G i a n t T o a d ------- SEEDMDDSMLM E S-------------------------------------------------------------------------------- PNRKD
241 255
GTYKMKHFRWGGSPA 
GSYKMKHFRWSGPPA 
GSYKMNHFRWSGPPA 
GSYKMSHFRWSS PPA 
GSYKMNHFRWSGPPK 
RNYRMQHFRWNSPPK 
DDYKFGHFRWSVPLK 
GPY RME HFRWGS PPK 
GPYKME HFRWGS PPK 
GPY RVE HFRWGNPPK 
GSY RMRHFRWHAPLK 
RKYKMH HFRWEGPPK
256 270
DKRYGGFMKSWDERS 
DKRYGGFMKSWDERS 
DKRYGGFMKSWDERG 
DKRYGGFMTS— EKS 
DKRYGGFMTS— EKS 
DKRYGGFMTS— EKS 
DKRYGGFMSL— EHS 
DKRYGGFMTP— ERS
2 71  285 286
1 S e a b a s s QRPLLTLFKNVINKD GQEQKREQ— 21 2
2 T i l a p i a QKPLLTLFKNVINKE GQQQK--------- 20 8
3 S a lm o n QKPLLTLFKNVII KD GQQ-KREQ— 23 0
4 C a r p QKPLLTLFKNVINKE HQ— KKDQ— 22 2
5 S t u r g e o n QKPLLTLFKNVMI KD GHE-KKGQ— 23 8
6 L u n g f i s h QKPLMTLFKNVMIKD AYE-KKGQ— 23 1
7 D o g f i s h QKPLLTLFRNVIVKD GHE-KKAQSQ 27 5
8 Human QTPLVTLFKNAIIKN AY— KKGE— 23 7
9 B o v in e QTPLVTLFKNAIIKN AH— KKGQ— 23 4
10 R a t QTPLVTLFKNAIIKN VH— KKGQ— 20 7
11 C h ic k e n QTPLMTLFKNAIVKS AY— KKGQ— 22 6
12 G ia n tT o a d QTPLMTLFKNAIIKN AH— KKGQ— 22 9
Figure 2 Alignment o f POM C amino acid sequences from different species. Am ino acids identical to the sea bass sequence are shown in 
bold. The accession number o f the sequences used in the comparison and the percentage o f their similarity w ith the sea bass sequence 
were: tilapia (Oreochromis mossambicus, AF116240; 73%), salmon A (Oncorhynchus nerka, Okuta et al. (1996); 65%), carp I (Cyprinus 
carpio, CAA74968; 57%), sturgeon (Acipenser transmontanus, P87352; 54%), lungfish (Protopterus annectens, 50%), dogfish (Squalus 
acanthias, Amemiya et al. (1999); 42%), human (Homo sapiens, P01189; 44%), bovine (Bos taurus, P01190; 49%), rat (Rattus norvegicus, 
P01194; 44%), chicken (Gallus gallus, BAA34366; 46%), giant toad (Bufo marinus, AAF06345; 45%). y- and Ô-MSH sequences were 
removed (when present) from the sequences before alignment.
the calibration curve. R eal-tim e P C R  profile and mix 
composition were equivalent to those described for the 
control gene.
Q uantification  and analysis Quantification and analysis 
of the results w ere performed w ith  the com puter device of 
the Light Cycler (Light Cycler Relative Quantification
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T able  1 Am ino acid sequence similarity between sea bass and 
POM C sequences o f other species
A ccession  n u m b e r  S im ilarity  (%)
S pecies
Tilapia AF116240 73
Carp I CAA74968 55
Sturgeon P87352 55
Lamprey I51117 29
Lungfish AAD29144 48
G iant toad AAF06345 44
Chicken BAA34366 45
Rat P01194 45
Bovin P01190 46
Human P01189 45
Software 1-0; Roche) and calculations were done accord­
ing to Rasmussen (2001). The P O M C  messenger 
quantification was expressed in a num ber of copies/pg 
m R N A .
R esults
P O M C  sequence
A single form of functional P O M C  gene was found to be 
expressed in sea bass. Using the sea bass pituitary cDNA 
library as template, the G eneR acer protocol resulted in the 
amplification of a 522 (5' RA CE) and a 349 (3' RA CE) 
nucleotide product. Five clones of each product were 
sequenced to minimize erroneous nucleotide incorpor­
ation by T a q  D N A  polymerase. The 5' product contained 
the signal peptide, N -term inal and a-m elanocyte- 
stimulating hormone (a-M SH) sequences, the 3 ' product 
contained the corticotropin-like intermediary peptide 
(CLIP) sequence from A C T H , ß-M SH , ß- and 
y-lipotropin (y-LPH) and ß-endorphin sequences as well 
as a stop codon. Alignment of the overlapping sequences 
resulted in a final 743 nucleotide product containing an 
open reading frame encoding a 212 amino acid protein 
(Fig. 1). The open reading frame contained the following 
sequences flanked by sets of proteolytic cleavage sites 
indicating potential post-translational processing: A C T H  
(Ser88-M et127), a-M S H  (Ser88-G ly102), CLIP (Pro106- 
M et127), ß-LPH  (Glu131-G ln208), y-LPH  (Glu131-Ser175),
ß-M SH  (Asp159-Ser175), and ß-endorphin (Tyr178-
Gln208) (Fig. 1). Each of these regions contains small 
modifications, w hich seem to be unique to sea bass 
concerning amino acid substitution or number. N o region 
homologous to y-M SH /join ing peptide was present. 
Figure 2 shows alignment of the sea bass P O M C  sequence 
w ith P O M C  sequences from other species. A m ino acid 
sequence identity betw een sea bass P O M C  and P O M C  
from other species varies according to the groups consid­
ered (Table 1). Similarity was high w ith known sequences 
of teleostean species (tilapia: 73%) and low w ith  those of 
mammals (human: 45%). The biologically active peptides
a-M S H  (93-100%), A C T H  (80-95%), and ß-endorphin 
(54-90%) are highly conserved among all species con­
sidered. Sea bass ß-endorphin sequence displayed two 
additional amino acids compared w ith  species other than 
fish, the one characteristic for ray-finned fish, i.e. the 
paired T rp 185Asp186 and the Glu207 residue, as well as a 
monobasic consensus sequence G lu187ArgSerGln190. The 
A C T H  sequence displayed a putative phosphorylation 
consensus sequence Ser119AlaGlu121.
Phylogenetic tree
A consensus tree of 1000 bootstrap samples (Fig. 3) of the 
neighbor-joining program allowed us to determine the 
position of sea bass P O M C  sequence w ithin the P O M C  
family. All methods employed showed a configuration in 
w hich teleosts branched off separately. The bootstrap 
value of the node clustering the euryhaline sea bass and 
tilapia was 96-2%.
P O M C  expression
R eal-tim e P C R  allowed us to quantify the expression of 
the P O M C  in different tissues of the sea bass: pituitary 
gland, liver, gonad and head kidney (Figs 4 and 5). Values 
w ere calibrated by means of a housekeeping gene (control) 
present in all the tissues. The efficiencies of the real-time 
P C R  procedure for the control gene and the P O M C  gene 
w ere high: 1-904 and 1-901 respectively. The lowest 
P O M C  expression was found in the liver. In pituitary, 
gonads and head kidney, P O M C  expression was respec­
tively, 7-5 x 105-, 1-6- and 1-2-fold higher compared w ith 
that in the liver. Expressed in terms of num ber of copies/ 
pg m R N A , P O M C  expression was 1-26 x 1010 (pitu­
itary), 2-67 x 105 (gonads), 2-06 x 104 (head kidney) and 
1-67 x 104 (liver). The values measured for the integu­
m ent (not shown) w ere below the background values of 
the standard curve. The real-time P C R  approach allowed 
detection of less than ten copies of P O M C  m R N A .
D iscussion
The G eneR acer technique allowed us to clone a single 
functional form of P O M C  from the pituitary gland of the 
European sea bass. A single form of that prohormone was 
also found in tilapia (Oreochromis mossambicus) (Lee et al. 
1999a). However, in tetraploid teleost species such as 
carp (C yprinus carpio) (Arends et al. 1998a), chum  salmon 
(Oncorhynchus keta) (Kitahara et al. 1988) and trout 
(Oncorhynchus mykiss) (Salbert et al. 1992) two forms of 
P O M C  w ere found. In general, also in mammals only one 
form of P O M C  occurs (Drouin et al. 1989), although the 
mouse genome contains tw o non-allelic P O M C  a -  and 
ß-genes (Uhler et al. 1983). In some lower vertebrates 
such as chondrosteans (Alrubaian et al. 1999) two forms of 
P O M C  are found, bu t this is not a general phenom enon as 
the phylogenetically old dipnoid fishes (lung fishes) appear
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Dogfish
Lungfish
469
596
- Sturgeon
989
-Carp
992
-Salmon
962
- Seabass
GiantToad
691
828
" Chicken
1000
“Rat
966
-Bovine
--------------------------------- Human
Figure 3 Phylogenetic tree o f the POM C family based on amino acid sequences. y- and 5-MSH 
sequences (when present) w ere removed from the sequences before alignment. Numbers in 
branches indicate the bootstrap values calculated w ith the neighbor-joining method. For accession 
numbers and Latin names o f the species used in this study see Fig. 2.
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Dilutions o f the 
plasmid used for 
the standard
POMC Liver (L)
POMC Gonad (G)
POMC Head kidney (Hk)
POMC Pituitary gland (P) 
Control (water)
Figure 4  Real-time PCR analysis (Light Cycler) of sea bass POM C mRNA isolated from pituitary gland (P), liver (L), gonad (G) and head 
kidney (Hk). O ne microliter o f cD N A from each tissue was used as template for amplification o f the POM C gene fragment. First the 
control gene L17rp was run and then the POM C templates w ere calibrated to the control gene in each o f the samples. The number of 
PCR cycles required to obtain measurable amplification (P: 13,9 cycles; G 31,59 cycles; Hk: 34,9 cycles; L: 35,62 cycles) is related to the 
initial concentration o f target POM C mRNA. Clearly, the results show that PO M C  is much more highly expressed in the pituitary gland 
than in other tissues. W ater was used as negative control (red line). SYBR Green was used as fluorochrome.
to express only one form (Dores et al. 1999, Lee et al. 
1999 b).
Several recent studies have focused on the evolution of 
the P O M C  gene in vertebrates. In sea bass the P O M C  
end product regions flanked by sets of basic amino acids 
w ere A C TH , a -  and ß-M SH , ß- and y-LPH  and
ß-endorphin. The observed structure of the sea bass 
P O M C  corresponds to the ones reported in other teleost 
species. Overall, the substitutions, additions and deletions 
observed for the A C T H , ß-M SH  and ß-endorphin 
regions are relatively few. However, the absence of 
y-M SH  sequence and most of the joining peptide region,
POMC Liver (L)
POMC Gonad (G)
POMC Head kidney (Hk)
POMC Pituitary gland (P )~0~  
Control (water)
Figure 5 Melting curves of the PCR products from the RT-PCR displayed in Fig. 4. W hen temperature increases, double-stranded D NA 
dissociates, SYBR Green is liberated and fluorescence signal decreases. After the last cycle, temperature in the Light Cycler chamber was 
increased to 95 °C and then decreased to 62 °C for 30 s (maximum annealing). Then it was increased gradually to 95 °C to obtain the 
melting curves o f the amplified fragments. W hen 50% o f the double-stranded D N A is denatured, fluorescence decreases abruptly; the 
corresponding temperature is the Tm (melting temperature) of the PCR product. The Tm corresponds to the maximum o f the curve: 
-d(Fluorescence)/d(Temperature). All the PCR products o f sea bass POM C from different tissues display the same Tm, indicating the 
absence o f non-specific PCR products and primer dimers.
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set sea bass P O M C  and that of other teleostean fishes apart 
from the general organization of the prohormone. y-M SH  
is also absent in jawless fishes such as the lamprey (Heinig 
et al. 1995) but it is present in gnathostomes, such as 
cartilaginous fishes (Squalus acanthias (Amemiya et al. 
1999); D asyatis akajei (Amemiya et al. 2000)), chondro- 
steans (as a rem nant in Acipenser transmontanus (Amemiya 
et al. 1997)), neopterygians (as a rem nant in Lepisosteus 
osseus (Dores et al. (1997)), amphibians (R ana ridibunda 
(Hilario et al. 1990)) and mammals (Nakanishi et al. 1979). 
W hen the internal duplication event occurred that gave 
rise to the y-M SH  sequence has not been determ ined so 
far. The absence of this M SH in the lamprey and its 
presence in species from the three major gnathostome 
radiations suggests that the y-M SH  duplication event 
occurred in an early Devonian ancestral gnathostome (Lee 
et al. 1999b). Since carp, salmon and sea bass first appeared 
during the Miocene, the important differences observed in 
P O M C  sequence of these species could be related to 
different ecological or physiological requirements and thus 
to different environmental constraints.
Although we found some significant differences, the 
sea bass P O M C  sequence displays a high degree of 
amino acid sequence identity w ith  other groups w hen 
regions coding for biologically active peptides are consid­
ered. For example, the overall degree of amino acid 
identity w ith  mammals was approximately 44%, but 
this was m uch higher (67%) w hen regions coding for 
A C TH , ß-M SH  and ß-endorphin w ere considered. The 
ß-endorphin sequence in sea bass displays tw o amino 
acid insertions compared w ith amphibians, avians and 
mammals. This feature appears to be characteristic of all 
fish species examined so far. The physiological relevance 
of these additional amino acids in fish ß-endorphin 
remains unknown. Five single basic amino acids (three 
lysines and two arginines) are present in the sea bass 
endorphin sequence, suggesting a putative post- 
translational truncation by trypsin-like enzymes. This 
could give rise to several different endorphin signals as 
was reported in other fish species (van den Burg et al. 
2001).
The phylogenetic analysis indicates that, although 
teleosts appeared long after the divergence of the main 
groups of gnathostome vertebrates, the sequence of the sea 
bass P O M C  has retained several features that are con­
served in other vertebrates. The teleostean species 
considered in this study cluster in the phylogenetic tree. 
Among the ray-finned fish, the highest degree of 
speciation is observed in the teleosts (more than 30 000 
species identified up to  today), w hich have settled 
in all kinds of aquatic niches. A role of a prohormone 
such as P O M C  in that successful radiation w ould impli­
cate that it has been subject to selective evolutionary 
pressure.
Few studies have focused on P O M C  localization and 
expression in fish brain (Arends et al. 1998a,b, Ficele
1998). P O M C -derived peptides are known to be involved 
in the development of the im m une response (Weyts et al.
1999), as well as in the reproductive cycle (Mosconi et al. 
1994). However, remarkably little is known about periph­
eral expression of P O M C  in fish. In mammals, transcrip­
tion and translation of the P O M C  gene have been 
detected in a variety of peripheral tissues including 
placenta, uterus and gonads. There is evidence for involve­
m ent of locally produced P O M C -derived peptides in the 
skin pigmentation and in the m aintenance of skin integrity 
(Slominski et al. 2000), as well as in the regulation of the 
feto-m aternal unit o f the mammalian placenta (Petraglia 
et al. 1998). W e w ere able to detect and quantify P O M C  
m R N A  expression in head kidney, liver and gonad 
(besides pituitary tissue) through the sensitive real-time 
P C R  approach. Com pared w ith  other (semi-)quantitative 
techniques such as hybridization, capillary electrophoresis 
etc., the real-time P C R  is m uch more convenient; most 
importantly its sensitivity allows the detection of roughly 
ten copies of the messenger under consideration. P O M C  
expression was detected in all tissues but the integument; 
for the latter the values recorded w ere below the back­
ground values of the calibration curve. As anticipated, the 
concentration was found to be very m uch higher (roughly 
106-fold) in the pituitary gland than in the other tissues. 
To the best of our knowledge this is the first report on 
expression rate of P O M C  in the pituitary (as well as in 
other tissues) of a fish. The high rate of expression 
displayed by the prohormone gene in the pituitary gland 
was anticipated because of the involvement of this gland 
(via the pleiotropic P O M C -derived peptides) to a variety 
of physiological processes including the stress response 
(W endelaar Bonga 1997). O n  the other hand the expres­
sion rates measured in the peripheral tissues may reflect 
P O M C  expression activity of only a small but relevant 
subpopulation of cells in these tissues. Evidence is accruing 
for other (higher) vertebrates that both im m une and 
neuroendocrine systems are able to  produce P O M C  
(reviewed in Blalock 1999). In that case, the presence of a 
P O M C  transcript in the head kidney of sea bass can be of 
great physiological relevance since this tissue constitutes, 
together w ith  the thymus and the spleen, the major source 
of im m une cells in fish. R ecen t w ork suggests that also in 
lower vertebrates (frog, R ana  esculenta) extra-pituitary, 
peripherally produced and regulated P O M C  production 
contributes to the normal physiology, e.g. of the ovary 
(Nabissi et al. 2001). Thus, further studies on fishes w ith 
their phenom enal adaptive radiation and endless and subtle 
physiological adaptations are warranted to broaden our 
view on P O M C -dependent processes.
A ck now ledgem ents
S V was supported by a M arie Curie Individual fellowship 
(EU Project Q LK 5-C T-2000-52097). The authors would
www.endocrinology.org Journal o f  Endocrinology  (2003) 176, 4 0 5 -4 1 4
4 1 4  S v a r s a m o s  and others Sea bass POM C sequence and expression
like to thank D r Jacques Leunissen, D r O livier Elemanto 
and D r Nicolas Galtier for their help.
R eferences
Alrubaian J, D anielson P, Fitzpatrick M , Schreck C  & Dores R M  1999 
C loning  of a second proopiom elanocortin cD N A  from the pitu itary  of 
the sturgeon, Acipenser transmontanus. Peptides 20 431-436.
A m em iya Y, Takahashi A, Dores R M  & Kawauchi H  1997 Sturgeon 
proopiom elanocortin has a rem nan t of gam m a-m elanotropin. 
Biochemical and Biophysical Research Communications 230 452-456.
A m em iya Y, Takahashi A, Suzuki N , Sasayama Y  & Kawauchi H
1999 A  new ly  characterized m elanotropin in  proopiom elanocortin 
in  pituitaries of an elasmobranch, Squalus acanthias. General and 
Comparative Endocrinology 114 387-395 .
A m em iya Y, Takahashi A, Suzuki N , Sasayama Y  & Kawauchi H
2000 M olecular cloning of proopiom elanocortin cD N A  from  an 
elasmobranch, the  stingray, Dasyatis akajei. General and Comparative 
Endocrinology 118 105-112.
A rends R J, V erm eer H , M artens GJ, Leunissen JA, W endelaar Bonga 
SE & Flik G 1998a C loning and expression of tw o 
proopiom elanocortin m R N A s in  the com m on carp (Cyprinus carpio 
L.). Molecular and Cellular Endocrinology 143 23 -31 .
A rends R J, van der Gaag R , M artens GJ, W endelaar Bonga SE & Flik 
G 1998b D ifferential expression o f tw o pro-opiom elanocortin  
m R N A s during  tem perature stress in  com m on carp (Cyprinus carpio 
L.). Journal o f Endocrinology 159 85-91 .
Balm  P H  & P ottinger T G  1995 C orticotrope and m elanotrope 
P O M C -d eriv ed  peptides in  relation to in terrenal function during 
stress in  ra inbow  trou t (Oncorhynchus mykiss). General and 
Comparative Endocrinology 98 279-288 .
Blalock JE  1999 Proopiom elanocortin and the im m une-neuroendocrine  
connection. Annals o f the N ew  York Academy o f Sciences 885 161-172.
D anielson PB, A lrubaian J, M ulle r M , R ed d in g  JM  & Dores R M  
1999 D uplication o f the P O M C  gene in  the  paddlefish (Polyodon 
spathula): analysis of gam m a-M SH , A C T H , and be ta-endorphin  
regions o f ray-finned fish P O M C . General and Comparative 
Endocrinology 116 164-177.
Dores R M , Sm ith T R , R u b in  DA , Danielson P, M arra LE & Youson 
JH  1997 D eciphering  posttranslational processing events in the 
pitu itary  of a neopterygian fish: cloning o f a gar proopiom elanocortin 
cD N A . General and Comparative Endocrinology 107 401-413 .
Dores R M , Sollars C, D anielson P, L e eJ , A lrubaian J & Joss JM  1999 
C loning  o f a proopiom elanocortin cD N A  from the pituitary o f the 
Australian lungfish, Neoceratodus forsteri:  analyzing trends in  the 
organization of this prohorm one precursor. General and Comparative 
Endocrinology 116 433-444 .
D rou in  J, N em er M , C harron J, G agner JP , Jeanno tte  L, Sun YL, 
T herrien  M  & T rem blay  Y  1989 Tissue-specific activity of the 
pro-opiom elanocortin  (P O M C ) gene and repression by 
glucocorticoids. Genome 31 510-519 .
Felsenstein J  1993 PH Y L IP (Phylogeny Inference Package). 
D epartm en t of G enom e Sciences, U niversity  of W ashington, 
h ttp ://evo lu tion .genetics .w ash ing ton .edu /phy lip .h tm l.
Ficele G, H ein ig  JA, Kawauchi H , Youson JH , K eeley F W  & W righ t 
G M  1998 Spatial and tem poral distribution of proopiom elanotropin 
and proopiocortin m R N A  during  the life cycle o f the sea lam prey: 
a qualitative and quantitative in situ hybridization study. General and 
Comparative Endocrinology 110 212-225 .
H ein ig  JA, Keeley FW , R obson P, Sower SA & Youson JH  1995 T he  
appearance o f proopiom elanocortin early in  vertebrate evolution: 
cloning and sequencing of P O M C  from  a lam prey pitu itary  cD N A  
library. General and Comparative Endocrinology 99 137-144.
H ilario  E, L ihrm ann I & V audry  H  1990 C haracterization o f the 
cD N A  encoding proopiom elanocortin in  the frog Rana ridibunda. 
Biochemical and Biophysical Research Communications 173 653-659.
Inoue A, Kita T , N akom ura M , C hang  A, C ohen  SN  & N u m a  S 
1979 N ucleo tide  sequence of cloned cD N A  for bovine 
cortico tropin-beta-lipotropin precursor. Nature 278 423-427.
Kitahara N , N ishizaw a T , Iida K, Okazaki H , A ndoh T  & Soma GI 
1988 Absence o f a gam m a-m elanocyte-stim ulating horm one sequence 
in  proopiom elanocortin m R N A  of chum  salmon Oncorhynchus keta. 
Comparative Biochemistry and Physiology B  91 365-370.
L ee J , D anielson P, Sollars C, A lrubaian J, Balm  P & Dores R M  
1999a C loning  of a neoteleost (Oreochromis mossambicus) 
pro-opiom elanocortin  (P O M C ) cD N A  reveals a deletion of the 
gam m a-m elanotropin region and m ost o f the jo in ing  peptide  region: 
im plications for P O M C  processing. Peptides 20 1391-1399.
Lee J, Lecaude S, Danielson P, Sollars C , A lrubaian J, P ropper C R , 
Lihrm ann I, V audry  H  & Dores R M  1999b C loning  of 
proopiom elanocortin from  the brain of the African lungfish, 
Protopterus annectens, and the brain of the w estern spadefoot toad,  
Spea multiplicatus. Neuroendocrinology 70 43-54 .
M osconi G, Carnevali O , Facchinetti F, R ad i D , Pestarino M , 
Vallarino M  & Polzonetti-M agni A M  1994 O varian m elanotropic 
peptides and adaptation in tw o teleostean species: Sparus aurata L. 
and Dicentrarchus labrax L. Peptides 15 927-931 .
Nabissi M , Soverchia L, L ihrm ann I, V audry  H , M osconi G & 
Polzonetti-M agni A M  2001 Evaluation of ovarian P O M C  m R N A  
through quantitative R T -P C R  analysis in  Rana esculenta. American 
Journal o f Physiology. Cell Physiology 280 C 1038-C 1044 .
Nakanishi S, Inoue A, K ita T , N akam ura M , C hang  A C , C ohen  SN
& N u m a  S 1979 N ucleo tide  sequence of cloned cD N A  for bovine 
cortico tropin-beta-lipotropin precursor. Nature 278 423-427.
O ku ta  A, A ndo  H , U eda  H  & U rano  A  1996 T w o  types of cDNAs 
encoding proopiom elanocortin of sockeye salmon, Oncorhynchus 
nerka. Zoological Science 13 421-427.
O ttaviani E, Franchini A  & Franceschi C  1995 Evidence for the
presence o f im m unoreactive P O M C -d eriv ed  peptides and cytokines 
in  the thym us o f the goldfish (Carassius c. auratus). Histochemistry 
Journal 27 597-601 .
Petraglia F, Santuz M , Florio P, Sim oncini T , Luisi S, Plaino L, 
Genazzani A R , Genazzani AD  & V olpe A  1998 Paracrine 
regulation o f h um an placenta: control o f horm onogenesis. Journal of 
Reproductive Immunology 39 221-233 .
Rasm ussen R  2001 Q uantification  on the L ight Cycler. In Rapid Cycle 
Real-Tim e P C R : Methods and Applications, pp 21 -3 4 . Eds S M euer,
C  W ittw er & K Nakagawara. Berlin and Heidelberg: Springer-Verlag.
Salbert G, C hauveau I, B onnec G, Valotaire Y  & Jego P 1992. O n e  
o f the tw o  trou t proopiom elanocortin m essenger R N A s potentially 
encodes n ew  peptides. Molecular Endocrinology 6 1605-1613.
Slominski A, W ortsm an J, Luger T , Paus R  & Solomon S 2000 
C orticotropin releasing horm one and proopiom elanocortin 
involvem ent in  the cutaneous response to stress. Physiological Reviews 
80 979-1020.
Sm ith AI & Funder J W  1988 Proopiom elanocortin processing in  the 
pituitary, central nervous system, and peripheral tissues. Endocrine 
Reviews 9 159-179.
U h ler M , H erb e rt E, D ’Eustachio P & R u d d le  FD 1983 T h e  m ouse 
genom e contains tw o nonallelic pro-opiom elanocortin  genes. Journal 
o f Biological Chemistry 258 9444-9453.
van den B urg  E H , M etz  J R , A rends R J, D evreese B, V andenberghe 
I, V an B eeum en J, W endelaar Bonga SE & Flik G 2001 
Identification o f beta-endorphins in  the pitu itary  gland and blood 
plasma of the com m on carp (Cyprinus carpio). Journal o f Endocrinology 
169 271-280 .
W endelaar Bonga SE 1997 T h e  stress response in fish. Physiological 
Reviews 77 591-625 .
W eyts FAA, C ohen  N , Flik G & V erburg-V an K em enade B M L  1999 
Interactions betw een  the im m une  system and the hypo tha lam o- 
p itu itary -in terrenal axis in fish. Fish and Shellfish Immunology 9 1-20.
Received in final form 18 November 2002 
Accepted 21 November 2002
Journal o f  Endocrinology (2003) 176, 4 0 5 -4 1 4 www.endocrinology.org
